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This  is  the  Final  Technical  Report  of  a  research 
program  supported  by  The  Advanced  Research  Projects  Agency 
of  the  Department  of  Defense  and  monitored  by  OUR  under 
Contract  NOOO14-73-C-0372. 
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Under  this  contract,  the  solution  chemistry  of 
cesium  dideuterium  arsenate  in  heavy  water  v/as  completely 
determined.  To  a  limited  extent,  the  solution  chemistry  of 
CD*A  in  D2O  *■  deuterated  glycol  was  also  determined.  Through 
the  course  of  this  investigation,  the  solution  and  growth 
parameters  were  found  to  have  a  profound  effect  upon  the 
resultant  growth  of  CD*A. 

Cesium  dideuterium  arsenate  v/as  determined  to  be  the 

primary  crystalline  phase  in  the  P{J  range  of  3.0  to  9.0  over 

the  temperature  range  of  60  to  10°C  in  D  O.  In  the  70%D  0- 

^  2 

30%D  glycol  system,  CD*A  was  the  primary  crystalline  phase 
over  the  P{]  internal  of  4.0  to  6.0  in  the  temperature  range  of 
45  to  20  C.  The  saturation  concentration  was  experimentally 
determined  and  the  supersaturation  calculated  in  both  solvent 
systems  as  a  function  of  temperature.  It  was  determined  that 
both  the  saturation  and  supersaturation  concentrations  of  CD*A 
were  reduced  by  more  than  a  factor  of  two  at  any  particular 
temperature  in  the  mixed  solvent  system. 

The  growth  problems  encountered  in  aqueous  solution 
growth  of  CD*A  were  flawing,  tapering  along  the  Z  direction, 
edge  and  corner  growth,  multiple  growth  and  irregular  changes 
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in  the  solubility  as  a  function  of  temperature  |^Os/3T)n  p J . 

These  growth  problems  were  determined  to  be  a  function  of  the 
saturation  concentration,  Pjj  and  seed  preparation  techniques. 
Although  relatively  large  pieces  of  CD*A  single  crystals 
(1  inch  cube)  were  successfully  grown,  it  was  determined  that, 
under  the  best  possible  growth  conditions,  the  reproducible 
growth  of  CD*A  could  not  be  accomplished  in  Through  the 

course  of  this  investigation,  it  was  found  that  the  average  actual 
deuteration  level  in  a  CD*A  crystal  gro wn  from  aqueous  solutions 
was  85.62  +  0.05  mole  %  D  and  that,  of  the  growth  solution  was 
92.99  +  0.05  mole  %  D.  Compared  to  the  published  data  on  CD*A, 
this  represents  the  highest  deuteration  level  ever  reported. 

It  was  also  determined  that  most  of  the  growth  defects 
and  problems  associated  with  the  aqueous  growth  of  CD*A  were 
eliminated  or  controllable  in  the  mixed  solvent  system.  Though 
preliminary,  these  data  show  the  mixed  solvent  system  to  be  very 
promising  for  the  reproducible  growth  of  high  optical  quality  CD*A. 


iii 


INTRODUCTION 


— SOlvi 


■1*’  ■  *n 


■Wi-Trrjf 


1. 


There  is  a  need  for  high  average  laser  power  at 
0.53  microns  in  the  form  of  short  pulses  generated  at  a  high 
repetition  rate.  This  particular  wavelength  is  desirabJe  for 
undersea  systems  because  of  the  high  optical  transmission  of 
seawater  at  this  wavelength. 

Recent  experimental  work  has  demonstrated  that  CD*A 
is  the  most  promising  non-linear  material  for  this  particular 
SHG  application.  it  has  been  reported  that  this  material  possesses 
the  best  overall  efficiency,  resistance  to  laser  damage  and  thermal 
failure  of  all  the  non-linear  materials  tested.1  Besides  its  high 
damage  threshold,  CD*A  has  a  large  angular  acceptance  (AT,  =  5.6°C) 
for  temperature  phase-matching. 

Although  those  reported  data  on  CD*A  show  great  promise, 
the  optimization  of  CD*A  as  a  SHG  material  has  not  been  accomplished. 
The  SHG  evaluation  data  heretofore  reported  on  commercially  available 
CD*A  has  not  been  correlated  with 

i)  the  actual  deuteration  in  the  crystal, 
ii)  the  absorptivity  at  1.06  pirn 

in)  the  optical  perfection  (refractive  index  homogeneity) 
of  the  single  crystals. 

The  main  reason  for  this  lack  of  correlation  has  been  the  non- 
reproducibility  of  the  growth  of  CD*A  single  crystals. 

The  objective  of  this  program  was  the  reproducible 
growth  of  cesium  dideuterium  arsenate  single  crystals  of  the 
highest  deuteration  level  possible.  To  achieve  this  goal 
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particular  emphasis  had  been  placed  on  the  analysis  of  the 
factors  affecting  the  solution  chemistry  of  CD*A.  Through  the 
course  of  this  systematic  investigation,  the  following  variables 
were  found  to  have  a  profound  effect  upon  the  growth  of  cesium 
dideuterium  arsenate: 

r 

i)  The  purity  of  initial  reagents 

ii)  The  saturation  temperature  of  the  solution 

iii)  The  supersaturation  concentration 

iv)  The  P  of  the  solution 

v)  The  seed  orientation 

vi)  The  seed  surface  preparation 

vii)  The  rotation  speed 

viii)  The  solvent  system 

ix)  The  deuteration  level. 

These  factors  not  only  affected  the  perfection  of 
the  cesium  dideuterium  arsenate  single  crystals,  but  also,  the 
growth  rates  along  particular  .crystallographic  directions. 
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2.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  CsD7As04 
2. 1  Crystallographic  Data 

Cesium  dideuterium  arsenate  and  its  hydrogen  analog 
belong  to  space  group  I  4 2d  and  have  tetramolecular  unit  cells. 

Other  crystals  which  belong  to  this  space  group  are  KDP,  KD*P, 

ADP,  AD*P ,  KDA,  and  RDP . 

Heretofore,  no  data  had  been  published  on  the  lattice 
constants  or  the  powder  diffraction  pattern  of  cesium  dideuterium 
arsenate.  However,  there  are  two  sets  of  conflicting  data  published 
on  the  lattice  constants  of  cesium  dihydrogen  arsenate  (CDA) . 2-3 
The  powder  diffraction  data  reported  by  these  authors  are  essentially 
the  same  but,  the  (hkl)  assignments  differed  thereby  resulting  in 
different  axial  lengths.  Table  1  is  a  compilation  of  these 
crystallographic  data. 

It  is  known  that  the  substitution  of  deuterium  for 
hydrogen  in  this  type  of  compound  changes  the  axial  lengths  by 
only  slight  amounts  (0.01  to  0.06  A).4  Therefore,  determining  the 
axial  lengths  of  CD*A  by  accurately  indexing  its  powder  diffraction 
pattern,  v/ould  result  in  the  confirmation  of  the  best  set  of 
published  values  for  the  lattice  constants  of  CDA. 

Precision  powder  diffraction  data  were  obtained  oil  CsD^AsO 

2  4 

at  one-eighth  of  a  degree  20  per  minute  with  a  chart  speed  of 
5  cm/min.  Nickel  filtered  CuKa  radiation  was  used.  Linde 
Al2°3  (0,3  powder  was  employed  as  an  external  calibration 
standard.  Table  2  contains  the  powder  diffraction  data  obtained 
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TABLE  1 


Comparison  of 

Published 

Lattice  Constants  For 

Cs!I2As04 

Ferrari  et. 

al.<2> 

It 

& 

Shklovskaya  et . 

al.L) 

o 

a 

o 

(A) 

7.98 

7.94 

o 

* 

co 

(A) 

7.87 

7.70 

( 

*■ 

D 

X 

(cj/cc) 

3.62 

3.73 

i 

i 
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TABLL  2 

Powder  Diffraction  Data  For  Cesium  l;- deuterium 


aQ  =  7.963  + 

o 

.008  A 

co 

=  7.887 

Dx  =  3-65 

g/cc 

o 

d  (A) 

1/1 
— _ a 

(h  k  1) 

3.98 

85 

200 

3.22 

100 

112 

2.81 

36 

220 

2.52 

4 

310 

2.50 

3 

103 

2.122 

58 

312 

1.992 

4 

400 

1.782 

13 

420 

1.766 

14 

204 

1.696 

13 

332 

1.615 

10 

224 

Arsenate 


0.008 
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on  CD*A.  The  axial  lengths  of  CD*A  and  CDA  are  compared  with 
other  deuterated  and  non-deuteratcd  isomorphs  in  Table  3.  The 
data  in  Tables  2  and  3  reveal  that  Ferrari  et.  al.  data  on  CDA 
are  the  ...ore  accurate  and  that  CD*A  is  most  similar  to  AD*P 
with  respect  to  published  values  of  the  direction  and  magnitude 

r 

of  axial  length  changes  upon  deutoration. 

2  •  2  Preparation  of  Cesium  Dideuterium  Arsenate 

Table  4  lists  the  sources  and  relative  purities  of 

the  reagents  employed  to  synthesize  CsD^AsO 

2  4  ’ 

Two  cesium  salts  were  initially  employed  for  this 
synthesis:  CsxOy  (Cs20  plus  sub-  and  superoxides  of  cesium) 
and  anhydrous  Cs2CC>3 .  Aqueous  solutions  of  these  salts  were 
prepared  and  filtered  (hot)  through  a  0.6  u  teflon  millipore 
filtration  system.  Of  these  two,  the  Cs2C03  solution  was  the 
better  one  to  employ  from  the  standpoints  of  stoichiometry 
and  ease  of  handling.  No  differences  were  detected  in  the  CD*A 
prepared  from  either  reagent. 

The  preparation  of  aqueous  solutions  of  D-jAsO^  were 

done  in  the  same  manner  as  the  cesium  salt  solutions.  Great 

care  was  taken  to  use  only  slight  excesses  of  D-,0  above  that 

^  (1  ) 

required  for  stoichiometry.  "Gettered"  high  purity  nitrogen 
flushes  were  employed  during  preparation  in  order  to  minimize 
°:H  exchanges  with  the  atmosphere.  The  basic  reaction  for 
the  synthesis  is 

Cs2C03(aq)  +  2D3As04(aq)  *  2CsD2As04  (aq)  +  D2°U)  +  “2(9)’  (1) 
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Axial  Lengths  of  Various 
Alkali  Phosphate  and  Arsenate  Crystals 


Material 

o 

ao  (A) 

o 

C  (A 

_.o 

CD*A 

7.963 

7.887 

KD*A 

7.640 

7.162 

AD  *  P 

7.499 

7.548 

KD*P 

7.468  - 

6.930 

CDA 

7.98 

7.87 

KDA 

7.624 

7.162 

ADP 

7.510 

7.564 

KDP 

7.448 

6.977 
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TABLE  4 


Reagents 

Employed  For  The  Synthesis 

Of  Ces 

ium  Dideuterium  Arsenate 

Reagent 

Purity 

Vendor 

CS2C0^ 

99.94% 

Kawecki  Berylco  Industries,  Inc 

CS2CO2 

99. 99+% 

Apache  Chemicals,  Inc. 

Cs20 

99.90% 

Cerac/Pure,  Inc. 

As_Or 

2.  j 

99.999% 

Rocky  Mountain  Research,  Inc. 

As2°5 

99.999% 

Cerac/Pure,  Inc. 

As2°5 

99. 3% 

J.T.  Baker  Chemical  Company 

d2° 

99.80% 

U.S.  Atomic  Energy  Commission 

8 
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To  prepare  crystalline  CD*A,  solutions  of  the  two 
reagents  saturated  at  high  temperatures  were  slowly  mixed 
together  and  then  the  solution  slowly  cooled  to  room  temperature. 
Vacuum  distillation  was  employed  to  remove  further  amounts  of 
CD*A  from  a  solution.  All  crystalline  CD*A,  employed  for  saturation 
point  adjustment,  was  recrystallized  at  least  twice. 
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3.  THE  CsD  A;0 ,-D  0  SYSTEM 
_ 2  4  2 _ 

Cesium  dideuterium  arsenate  is  one  stable  crystalline- 
phase  in  the  ternary  system  Cs20  ^ s  n -As^O^  „  ^ -D  0  ^  1  ^  .  Figure  1 
shows  a  projection  of  all  important  compounds  in  this  system 
on  the  ternary  composition  axes.  These  data  resulted  from  our 

r 

study  of  the  phase  relationships  during  this  program.  Under 
isobar ic  conditions,  temperature  and  two  concentration  parameters 
are  the  variables.  CD*A  can  be  formed  according  to  the  following 
stoichiometric  reaction: 


Cs2°(s)  +  2U2°(1)  +  flc2°5(s)  ♦  2CsD2As04 (B)  <2> 

Other  reactions  in  this  ternary  system  which  would  yield  solid 
phases  are: 


3C£2°(s) 


+  7/2 


D2°d) 


+  A 


t’2°5  (s) 


;  AsO 
3  4 


7/2 


D-0  .  . 
2  (s) 


(3) 


ana 


2CS2°(s) 


D2°(l) 


As2°5 (s) 


?  2C! 


’2DAs0.!(s) 


(-1) 


Therefore,  since  other  compounds  may  possibly  form, 
it  is  necessary  to  be  relatively  close  to  the  correct 
stoichiometry  in  order  co  precipitate  or  grow  from  solution 
the  desired  crystalline  phase. 

The  dashed  lines  in  Figure  1  show  the  areas  of 
particular  interest  for  the  growth  of  cesium  dideuterium 
arsenate.  These  areas  include  the  following  two  sub-ternary 
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Figure  1 


The  Ternary  Systems  Cs20(s)  -As205(s)  -I)  0(1) 


Mole  % 
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and  binary 

systems: 

i) 

CsU2As04(s) 

°2°  (1 ) 

D3As°4(1) 

ii) 

CsD2As04(s> 

'  D2°(l) 

—  C  sOD  »  \ 

(s) 

iii) 

C sD  ~,AsO  .  ,  . 

2  4  (s) 

-  D2°(l) 

All  these  systems  are  of  importance  when  an  adjustment  of  P  is 

11 

necessary  to  enhance  crystal  growth  along  particular  crystallographic 
directions  or  change  the  relative  super  saturation  of  a  solution  in 
a  certain  range  of  temperatures. 


3.1  Phase  Stability  of  CsD.AsO, 

_ _ J  2  4 

Because  of  the  possibility  of  second  phase  precipitation 
in  the  CsD2As04  -  D.,0  binary,  the  primary  phase  stability  region  of 
CD*A  had  to  be  determined  as  a  function  of  P  and  temperature. 

The  P  of  the  solution  was  read  by  a  Corning  Digital  110 
fjj  Meter  at  temperature.  Harelco  reference  buffers  were  employed 
to  calibrate  the  P  meter.  Powder  diffraction  patterns  were  taken 
of  the  precipitated  crystalline  material.  Nickel  filtered  CuKa 
radiation  was  used.  Al^O^  powder  was  employed  as  an  external 
calibration  standard.  The  data  were  taken  at  two  degrees  20 
per  minute  at  a  chart  speed  of  5  cm/m  in.  Table  5  contains  trhe 
data  collected  during  this  study. 

Saturated  solutions  weie  prepared  at  various  temperatures. 
These  solutions  were  then  cooled  until  a  precipitate  formed.  The 
solution  was  then  slowly  heated  and  stirred  until  the  precipitate 
dissolved  and  then  the  PH  measured.  Then  the  solution  was  cooled 
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TABLE  5 


Primary  Phase  Limits  For  CD*A  As  A  Function 
Of  Pjj  And  Temperature 


(+  0.01) 

T  (+  1 . 0°C) 

'9.00 

60 

9.00 

30 

9.00 

10 

8 . 50 

60 

8 . 50 

20 

8.00 

60 

8.00 

30 

8.00 

10 

7.50 

60 

7.50 

20 

7.00 

60 

7.00 

3  0  " 

7.00 

10 

6.50 

60 

6.50 

20 

6.00  , 

60 

6.00 

30 

6.00 

10 

5.50 

60 

5.50 

20 

5.00 

60 

5.00 

30 

Phase  (s)  Precipitated 

CD*A 
CD*  A 
CD*  A 
CD*  A 
CD*  A 
CD*  A 
CD*  A 
CD*  A 
CD*A 
CD*A 
CD*A 
CD*  A 
CD*A 
CD*  A 
CD*A 
CD*A 
CD*A 
CD*A 
CD*A 
CD*A 
CD*A 
CD*A 
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TABLE  5 

(C  INTIKUED) 

(+  0.01) 

T  (+  1  •  0°C) 

Phase  (s)  Precipitated 

5.00 

10 

CD*  A 

4.50 

60 

CD*  A 

4.50 

20 

CD*  A 

4.00 

60 

CD*  A 

4.00 

30 

CD*  A 

4.00 

10 

CD*  A 

3.50 

60 

CD*  A 

3.50 

20 

CD*A 

3.00 

60 

CD*  A 

3.00 

30 

CD*  A 

3.00 

10 

CD*  A 

2.50 

60 

CD*A  +  Other  Phase  (X) 

2.50 

20 

CD*A  +  Other  Phase  (X) 

2.00 

60 

Other  Phase  (X) 

2 . 00 

30 

Other  Phase  (X) 

2.00 

10 

Other  Phase  (X) 

1.50 

60 

Other  Phases  (X  +  \ ) 

1.50 

20 

Other  Phases  (X  +  Y) 

1.00 

60 

Other  Phase  (Y) 

1.00 

30 

Other  Phase  (Y) 

1.00 

10 

Other  Phase  (Y) 
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slightly  below  this  temperature  and  the  solution  decanted.  The 
solid  phase  was  dried  in  an  oven  at  65°C. 

X-ray  powder  diffraction  slides  were  prepared  from 
portions  of  each  precipitate.  In  this  manner,  the  phase  stability 
of  CD*A  was  mapped  as  a  function  of  T  and  P^.  Cesium  dideuterium 
arsenate  was  found  to  be  the  primary  crystalline  phase  in  the  P,, 
range  3.00  to  9.00  in  the  temperature  internal  of  60  to  10°C. 

The  two  other  crystalline  phases  (X  and  Y)  listed  in  Table  5  did 
not  compare  to  any  published  X-ray  powder  diffraction  pattern"* 
and  could  not  be  readily  indexed.  It  was  determined  that  these 
phases  were  two  distinct  compounds -by  the  r on-variance  of  tne 
diffraction  peaks  with  respect  to  20  from  pattern  to  pattern. 

3.2  Solubility  of  CsD2As04  in  D20 

An  important  parameter  in  crystal  growth  from  aqueous 
solutions  is  the  change  in  solubility  as  a  function  of  temperature, 

Os/3T)n^pf  where  s  =  solubility  of  CD*A  (g/lOOg  solvent) 

T  =  temperature  (°C) 

^i  =  constant  number  of  moles  of  solvent  and 
other  ionic  species 
P  =  constant  atmospheric  pressure. 

Growth  runs  are  made  in  a  region  of  nearly  linear  solubility  (f(T)) 
with  (3s/9T) , p  large  enough  to  deposit  a  reasonable  number  of 
grams  over  a  certain  AT. 

To  accurately  determine  the  solubility  curve 
(saturation  concentration) ,  the  supersaturation  variable  must 
be  eliminated.^  This  is  done  by  preparing  a  nearly  saturated 
solution  at  a  particular  temperature  and  then  rapidly  lowering 
the  temperature  until  precipitation  occurs.  Then  the  solution 
plus  precipitate  are  held  at  a  fixed  temperature  and  more  solvent 
slowly  added,  via  a  calibrated  buret,  until  all  the  solids  dissolve. 
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The  solution  is  constantly  stirred  during  the  determination . 

Figure  2  is  a  plot  of  the  solubility  of  CsD2As04  as  a  function 
of  temperature.  It  is  evident  that  this  material  forms  a  highly 
concenti ated  solution  (19.1  molal  at  40  C)  .  Figure  3  is  a  'IX 
section  of  the  CsD2AsO^  -  D^O  binary  in  mole  percent  This 

corresponus  to  a  section  of  the  projection  in  Figure  1  of  this 

r 

binary  (dashed  lines) .  Other  data  collected  during  the  solubility 
determination  were  the  change  in  versus  temperature  of  a  CD*A 
solution  saturated  at  20°C.  The  PH  value  at  20°C  represents  the 
neutral  PH  of  a  CD*A  aqueous  solution.  Figure  4  is  a  plot  of 
these  data.  For  an  undersaturated  CD*A  aqueous  solution,  the 
increases  as  tie  temperature  increases. 

3 • 3  Specific  Gravity  and  Kinematic  Viscosities  of  CD*A  Solutions 
These  data  were  determined  in  order  to  better  understand 
the  growth  process  and  growth  difficulties  of  CD*A  from  D20. 

Table  6  shows  the  change  in  density  as  a  function  of  temperature 
of  cesium  dideuterium  arsenate  solutions  saturated  at  two 
temperatures.  Table  7  shows  the  change  in  the  relative  kinematic 
viscosity  as  a  function  of  temperature  of  the  same  CD*A  aqueous 
solutions . 

The  solution  densities  were  determined  by  the 

* 

pycnometric  method.  In  this  particular  determination,  the 
accuracy  of  the  measurement  was  +  0.001  g/cc.  For  more  accurate 
determinations  (fourth  or  fifth  place)  ,  the  variation  of  the 
density  of  air  due  to  changes  in  barometric  pressure,  room 
temperature  and  relative  humidity  must  be  considered.  Distilled 
water  served  as  the  calibration  liquid. 
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Densities 

of  CsD2AsO^  Solutions 

As  A  Function 

of  Temperature 

Solution  A 

(Tsat.  *  20°O 

Solution  B 

(Tsat.  '  '!0°O 

p (g/cc) 

T(°C) 

P (g/cc) 

r 

T(°C) 

2.187 

20 

2.466 

59 

2.181 

30 

2.462 

65 

2.174 

40 

2.1G6 

50 

-• 

2.160 

59 
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TABU,  7 


Relative 

Kinematic 

Viscosities  of  CslUAsO, 

2  4 

Solutions  As  A  Function  Of  Temperature 

Solution  A  (T 

sat. 

=  20°C) 

Solution  B  (T  . 

Sat. 

r 

=  4  0°C) 

v  (centistokes ) 

T  (°C) 

v  (centistokes) 

T  (°C) 

1.0935 

25 

1.3824 

50 

1.0900 

28 

1.1149 

59 

0.9649 

30 

0.7542 

40 

0.6004 

50 

0.5045 
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The  kinematic  viscosities  were  determined  by  Stokc's 
law  which  relates  the  viscosity  of  a  liquid  to  the  frictional 
force  acting  on  a  moving  sphe-e.  The  tube  constant  was 
experimentally  determined  by  measuring  the  time  of  fall  through 
a  liquid  of  known  density  and  viscosity  as  a  function  of  temperature. 
From  these  data,  the  relative  kinematic  viscosities  can  be 
calculated.  The  determination  of  absolute  viscosities  is  difficult 
and  is  dependent  upon  very  accurate  measurements  of  the  apparatus 
employed. 

It  is  known  that  solutions  of  high  viscosity  can 
drastically  slow  down,  and  sometimes,  eliminate  concentration 
currents.  Therefore,  growth  can  occur  only  by  means  of  diffusion. 
This  also  results  in  the  inability  of  the  growing  surface  to 
release  the  latent  heat  of  crystallization.  Under  this  condition, 
edge  and  corner  growth  as  well  as  dendritic  growth  tends  to  occur.0 


3.4  Supersolubility  Of  CsD  AsO.  In  D,0 

All  solute-solvent  systems  possess  some  degree  of 
supersaturation.  Figure  5  illustrates  the  relative  positions 
of  the  saturation  and  supersaturation  curves.  Many  papers  have 
been  published  which  deal  either  with  the  experimental 
determination  of  the  degree  of  supersaturation^-12  or  the 
thermodynamics  involved. 13-20  These  are,  by  far,  an  incomplete 
list  and  only  serve  to  show  the  interest,  as  well  as  the  importance 
of  such  data.  It  is  known  that  the  habit  (morphology),  size,  and 
crystal  quality  are  related  to  the  degree  of  supersaturation  of  a 


solution. 


6-12 


The  limiting  supersaturation  depends  upon  the 
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Figure  5  -  Supersaturation  and  Saturation  Relationship 
For  Any  Solute-Solvent  System 
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nature  of  the  solute  and  solvent,  rate  of  rotation,  temperature , 
rate  of  change  of  temperature,  agitation,  P  of  solution  ,  and 
inpurities. 

The  supersaturation  of  a  particular  solute-solvent 
can  be  calculated  from  the  following  equation:9 

r 

AC  =  k,  F  c  =  |~c  -  c  1  m 

max.  t  o  L  '-oJt 

where 

ACmax.  E  limiting  supersaturation  (g  salt/100  g  solvent) , 

F  E  formula  weight  of  solute  (g/mole) , 
kfc  =  experimental  constant, 

CQ  =  saturation  concentration  (g  salt/100  g  solvent) , 

C  =  supersaturation  concentration  (g  salt/100  g  solvent) , 
t  =  temperature  (°C) . 

From  this  equation,  coupled  with  the  experimentally 
determined  saturation  concentrations  (Figure  2),  the  limiting 
supersaturation  and  supersaturation  can  be  calculated  for  the 
CsL^AsO^  -  D20  system  (Table  8) .  Table  9  compares  the  super¬ 
saturation  limit  of  CD*A  with  a  number  of  other  inorganic  salt 
solutions.6  By  far,  CD*A  possesses  the  largest  metastable  region 
of  all  the  salts  listed. 

% 

It  is  known  that  when  there  are  not  sufficient  moles 
of  solvent  available  to  form  complete  "solvation  spheres" 
around  all  ions  [cs  and  D^soj  in  solution,21"26  the  average 
strength  of  an  ion-solvent  bond  increases.  This  also  increases 
the  polarity  of  the  dipole  formed,  and  therefore,  the  possibility 
of  secondary  bonding"  of  this  ion-solvent  molecule  with  another 
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Supersaturation  Data  As  A  Function  of  Temperature 
In  The  CsD^AsO^  -  D^O  System 


(g/100g) 

Co  (g/lOOg) 

366.6 

345.0 

415.7 

380.0 

471.4 

419.0 

557.4 

482.0 

643.7 

542.0 

^max.  (9/lOOg)  t  (°C) 


21 . 6 

20 

35 . 7 

30 

52.4 

40 

75.4 

50 

101.7 

60 

TABLE  9 


Cq  ar»d  ACniax>  of  Various  Salt  Solutions  at  40°C 


Material 

CQ  (g/lOOg ) 

^max.  (g/lOOg) 

NH  NO, 

4  J 

297 

8.9' 

Na  N03 

104 

3.6 

K  NO  3 

63.9 

3.2 

Ba (HO,) 

3' 2 

14.2 

1.1 

NH  Cl 

4 

45.8 

1.2 

Na  Cl 

36.6 

0.4 

K  Cl 

40.0 

1.6 

ngci2 

10.2 

1.4 

NI14  n2  P04 

56.6 

4.2 

K  D2  P04 

33.5 

2.1 

CsD_AsO . 

2  4 

419 

52.4 
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similar  molecule  increases.  As  a  result,  a  highly  associated 
solution  results.  Controlled  crystallization  is  very  difficult 
under  these  conditions. 

The  cesium  cation  usually  has  a  primary  coordination 
sphere  of  8  to  12  in  a  solid  (Cs  Cl  structure) .  One  can 
reasonably  assume  the  same  coordination  in  an  aqueous  solution. 
From  Figure  3,  the  ratio  of  moles  of  D20/mole  of  CD*A  is 
approximately  3:1.  Therefore,  one  would  suspect  a  highly 
"structured"  CD*A  solution. 
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4.  THE  CsD  AsO  -D  0  -  R(OD)  SYSTEMS 
_ _ *<12  _ n _ 

Duriny  the  latter  stages  of  this  investigation,  it 
became  evident  that  reproducible  growth  from  aqueous  CD*A 
solutions  was,  at  best,  difficult.  Therefore,  an  initial 
search  was  made  for  an  adequate  binary  solvent  with  the 
stipulation  that  the  other  solvent  possess  a  wide  range  of 

miscibility  with  D20.  The  following  binary  solvent  systems 
were  explored: 

i)  Acetone  -  D^O 

ii)  Ethanol  -  D-,0 

iii)  Methanol  -  D20 

iv)  Glycol  -  D20 

v)  Dioxane  -DO. 

2 

This  range  of  binary  solvents  could  be  examined  because  of  our 
ability  to  exchange  all  hydrogens,  if  it  became  necessary. 

The  complete  exchange  of  all  hydrogens  is  a  complex  technique 
and  is  necessary  when  a  solution  is  prepared  at  low  hydrogen 
activities. 

First,  a  series  of  precipitates  were  collected  from 
CD*A- organic  solvent  and  CD*A  -  D20  -  R(0D)^  mixtures  at  various 
temperatures  and  mole  ratios.  These  precipitates  were  dried  at 
65  C  and  X-ray  powder  diffraction  slides  were  prepared.  X-ray 
powder  diffraction  patterns  were  taken  to  check  the  phase (s) 
present  in  the  precipitate.  From  these  data,  only  two  solvent 
systems  precipitated  CD*A:  ii)  and  iv) .  Of  these  two,  the 
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glycol  -  Do0  system  was  superior  to  the  ethanol  -DO  system. 

The  ethanol  -  D20  solvent  system  tended  to  separate  into  two 
layers  when  the  CsD^AsO^  precipitated. 

4.1  The  Phase  Stability  of  CsD2AsC>4 

All  the  data  reported  here  pertains  to  completely 
deuterated  glycol.  Only  one  concentration  was  partially 
investigated:  30%  glycol  -  70%  D20.  The  primary  phase  stability 

region  was  determined  as  a  function  of  P  and  temperature.  All 
preparatory  and  measurement  techniques  employed  were  exactly  the 
same  as  those  discussed  in  Section  3.1. 

Cesium  dideuterium  arsenate  was  found  to  be  the  primary 
crystalline  phase  in  the  P}1  range  of  4.00  to  6.00  in  the 
temperature  interval  of  40  to  20°C.  At  present,  no  p  or  phase 
stability  data  were  taken  outside  tnis  range. 

4.2  Solubility  of  CsD2As04  in  D20  -  Glycol 

Figure  6  is  a  plot  of  the  saturation  concentration 
of  CD* A  as  a  function  of  temperature  in  the  deuterated  glycol  - 
D20  solvent.  The  dashed  lines  represent  the  possible  extension 
of  the  (3s/3T)n^p  to  higher  and  lower  temperatures.  More  data 
need  be  collected  at  various  temperatures  and  glycol  -  P20  mole 
ratios  to  completely  define  this  solvent  system.  However,  what 
can  be  said  is  that  the  equilibrium  concentration  of  CD*A  has 
been  reduced  by  more  than  a  factor  of  two,  at  any  particular 
saturation  temperature,  when  compared  to  the  CD*A  -  D20  system 
(Table  8)  . 
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4.3  Supersolubility  of  CsD  A.;0.  in  D  O-  Glycol 

£ _ _* _ 

Equation  (5)  was  employed  for  the  calculation  of  the 
limiting  supersaturation  of  CD*A  in  this  binary  solvent  system, 
fable  10  contains  the  data  calculated  from  this  equation. 

Since  the  only  difference  is  the  CQ,  the  supersaturation 
concentration  of  CD*A  was  reduced  by  more  than  a  factor  of  two. 

This  changed  the  ratio  of  solvent  to  solute  from  3:1  to  approximately 
7.1  in  the  mixed  solvent  system.  Further  work  on  various  mole 
ratios  of  deuterated  glycol  to  D20  could  increase  this  to  the 
desirable  ratio  of  15:1  (based  upon  our  KD*P  data). 
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Suuersaturation  Data  As  A  Function  Of  Temperature 
In  The  CsD2AsC>4  -  -  Glycol  System 


C  (g/lOOg) 

CQ  (g/lOOg) 

1Cmax.  (g/lOOg ) 

o 

'  t  (  C) 

157.3 

148 

9.3 

20 

185.9 

170 

15.9 

30 

218.3 

194 

24.3 

40 
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5.  THE  GROWTH  AND  CHARACTERIZATION  OF  SINGLE  CRYSTAL  CsD  As04 

Most  of  the  growth  runs  were  done  in  aqueous  solutions 


However , 

some  growth  data  were  collected 

in  a  mixed  solvent 

system  during  the  latter  stayes  of  this 

investigation.  The 

following 

growth  parameters  were  varied 

in  these  runs: 

i) 

Saturation  temperature 

ii) 

Pj,  of  solution 

iii) 

Deuteration  level 

iv) 

Rate  oi  rotation 

v) 

Seed  orientation 

vi) 

Seed  preparation  techniques 

The  most  suprising  result  was  the  effect  of  the  seed  preparation 
technique  upon  the  growth  perfection  of  CD*A  from  aqueous  solution 

5 . 1  Seed  Preparation 

In  all  growth  runs  only  Z-plates  or  caps  were  employed. 
The  plates  or  caps  were  mounted  either  with  the  Z-direction  in 
the  vertical  or  horizontal  plane.  Usually  one  crystal  was 
mounted  with  each  orientation  during  a  growth  run  for  comparison. 

^eed  plates  were  prepared  by  the  following  procedure. 
First,  a  boule  of  CD*A  was  oriented  to  within  2  minutes  of  arc 
with  a  two  crystal  X-ray  spectrometer  employing  CuKa  radiation. 
A.fter  the  aQ  and  cQ  crystallographic  axes  are  located  and  marked, 
the  boule  is  then  cut  into  plates  with  a  string  saw.  The  string- 
sawed  surfaces  of  these  plates  were  treated  in  different  ways. 

Some  plates  were  water— polished  on  felt  to  remove  the 
cut  marks  and  others  were  water-polished  with  300  to  600  grit 
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eiuory  paper.  Others  were  not  touched  at  all  after  string¬ 
sawing.  When  seed  caps  were  employed,  no  mechanical  work  was 
performed  on  the  cap  surface.  The  other  end  of  the  cap  was 
string-sawed  and  finished  by  one  of  the  above  mentioned 
techniques . 

In  growth  runs  whei  e  no  or  a  minimum  amount  of 
tapering  occurred,  no  multiple  twin  growth  resulted  when 
perfect  caps  were  employed.  This  was  not  the  case  when 
carefully  prepared  seed  plates  were  used.  A  high  degree  of 
perfection  was  required  for  non-multiple  growth  in  the  high 
basic  Pjj  range  in  aqueous  solutions. 

5.2  Aqueous  Growth  Data 

A  large  number  of  growth  runs  were  attempted  in 
aqueous  solutions.  Table  11  contains  a  compilation  of  the 
critical  run  data.  The  data  is  listed  according  to  I>}J  values. 

The  run  number  gives  the  actual  chronological  order  in  which 
the  runs  were  done. 

The  Pj,  of  the  solution  was  read  by  a  Corning  Digital 
110  Ih-  Meter  usually  3  -  5°C  above  the  determined  saturation 
temperature.  Reference  buffers  were  employed  to  calibrate 
the  PH  meter.  The  accuracy  of  the  recorded  PH  was  +  0.002  units. 
The  saturation  temperature  of  a  solution  was  determinec  by 
suspending  a  seed  of  CD*A  in  the  solution  and  viewing  the 
concentration  currents  emanating  from  the  seed  through  a 
suitable  optical  system.  The  precision  of  this  methid  is  +  0.1°C. 
Seed  dimensions  were  measured  with  a  vernier  (-4  0.05  mm).  A 
double  pan  balance  was  employed  for  weighing  (+  0.02g)  the 
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GROWTH  DATA  FROM  AQUEOUS  SOLUTION  RUNS 


TABLE  11  (CONTINUED) 
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seed  plates  prior  to  and  after  the  growth  runs. 

The  main  growth  problems  encountered  in  aqueous 
solutions  of  CSD2ASO4  were: 

i)  continuous  flawing  (banding)  of  the  crystal  during 
growth, 

ii)  tapering  of  the  crystal  along  the  cQ  crystallographic 
axis , 

iii)  preferential  edge  and  corner  growth  on  the  seed, 

iv)  multiple  growth  (growth  twinning)  of  the  seed 
plate  or  cap, 

v)  irregular  changes  in  (3s/3T)ni  p. 

It  can  be  seen  from  the  data  presented  in  Table  11 
that  the  flawing  encountered  during  growth  in  aqueous  solutions 
occurred  over  the  entire  Pn  range  investigated.  However,  P.un  41, 
carried  out  in  a  50  mole  %  D  solution,  exhibited  tapered  growth 
with  a  minimal  amount  of  flawing.  Whether  the  flawing  encountered 
is  partially  due  to  the  deuteration  level  of  the  solution  is  still 
uncertain.  More  growth  runs  at  various  deuteration  levels  would 
have  to  be  made.  Figure  7  illustrates  the  flawing  typically 
encountered  at  Pp  values  >^8.  In  this  growth  run  the  rotation 
rate  was  20  rpm;  the  saturation  temperature  51°C.  The  temperature 
drive,  (dT/dt) ,  was  constant  during  the  entire  run.  A  seed  plate 
was  employed. 

In  the  Pjj  range  of  4.5  to  7.5,  tapering  and  flawing 
occurred  in  all  runs  in  which  the  deuteration  level  was  greater 
than  50%.  Figures  8  and  9  illustrate  the  typical  resultant 
growth  in  this  Pjj  range.  In  this  particular  run  seed  plates 


Figure  8  -  Typical  Growth  Obtained  With 
the  Z  Direction  in  the  Horizontal  Plane  in  the 
Pjj  Range  4.5  to  7.5.  (Run  33) 
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Figure  9  -  Typical  Growth  Obtained  Kith  the 


'L  Direction  in  the  Vertical  Flane  in  the 


41 


HWw—i  . . 

DC  SOIVI  J~:  DC 

wrmmm  .  — »»«nn 

were  used.  Only  near  the  tip  of  each  Louie  is  there  clear 
growth.  However,  due  to  the  tapering,  the  amount  of  useable 
material  is  drastically  reduced. 

It  should  be  noted  that  in  growth  runs  in  which 
tapering  occurred,  little  or  no  multiple  growth  was  present. 

Ldge  and  corner  growth  was  also  minimal.  The  degree  of  tapering 
can  be  minimized  by  adjusting  the  Pjj  of  the  solution  to  values 
>_  8.  However,  when  growth  runs  were  done  in  this  Pj.  range,  XY 
growth  increased  by  a  large  factor  (Table  11).  During  the 
course  of  this  investigation,  we  v/exe  able  to  increase  the 
cross  sectional  area  of  the  seeds  by  more  than  a  factor  of 
two  in  the  high  P„  range.  We  feel  that  further  XY  enlargement 
is  quite  possible  by  this  technique.  However,  both  good  XY 
and  Z  growth  cannot  be  accomplished  under  the  same  conditions 
of  PH  and  saturation  temperature.  In  this  Pjj  range,  edge-corner 
and  multiple  growth  greatly  increased  in  the  Z  direction.  These 
particular  growth  problems  were  never  eliminated  even  when 
highly  perfect  caps  were  employed  as  seeds. 

Figure  10  is  a  photograph  of  a  boule  grown  from  a 
highly  basic  aqueous  solution.  For  this  run,  one  side  of  the 
seed  was  a  highly  perfect  cap  which  was  not  treated  in  any 
manner.  The  other  side  of  the  seed  was  a  plate  which  was  only 
string-sawed.  Some  flawing  is  evident  on  the  cap  end  of  the 
Louie,  as  well  as  some  multiple  growth  (beneath  lower  prism 
face  in  photograph) .  The  seed  plate  end  of  the  boule  shows  a 
high  degree  of  flawing,  multiple,  edge  and  corner  growth. 
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figure  10  I’hotograph  of  As-Grown  Boule  From  Run  4  9 

(lower  scale  in  cir) 
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For  the  purpose  of  con, pari  son,  growth  runs  were  done 
duplicating  the  patented  growth  process  of  Adhav.27  Run  55 
in  Table  11  is  one  such  run  made.  Figure  11  is  a  photograph 
of  a  typical  crystal  grown  by  this  process.  In  this  particular 
run,  each  seed  employed  had  one  cap  and  plate  end.  Each  surface 
was  prepared  in  the  same  manner  as  described  in  the  proceeding 
paragraph.  As  can  be  seen,  edge  and  corner  growth  occurred 
quite  readily  while  the  interior  area  of  the  cap  partially 
dissolved.  Results  were  the  same  when  a  spider  holder  was 
employed.  We  found  that  the  growth,  problems  were  the  same  in 
this  patented  process  and  therefore,  no  particular  advantage 
was  gained  by  the  addition  of  sodium  tetraborate  to  the  solution. 
In  fact,  the  amount  of  edge  and  corner  growth  were  much  greater 
m  these  runs  on  seeds  mounted  with  the  Z  direction  in  the 
horizontal  plane. 

Another  approach  that  was  employed  in  an  attempt  to 
produce  reproducible,  high  quality  CD*A  was  the  growth  from 
large  seed  plates  of  ADP,  AD*?,  KDP  and  KD*P.  These  aqueous 
epitaxy  experiments  resulted  in  CD*A  needle  growth  from  these 
plates  (Figure  12)  .  The  lattice  mismatch  was  far  too  great 
for  this  process  to  work.  It  should  also  be  mentioned  that 
growth  by  solvent  evaporation  resulted  in  the  same  growth 
problems  as  temperature  lowering. 

The  final  growth  problem  encountered  in  these  aqueous 
solutions  was  the  erratic  changes  in  solubility  as  a  function 
of  temperature.  In  Run  39,  the  seed  plates  completely  dissolved 
and  a  large  platelet  grew  in  the  center  of  the  rotator.  An  X-ray 
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Figure  12  -  Resultant  Growth  by  Aqueous  F.pitaxy 
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diffraction  analysis  showed  that  this  platelet  was  indeed  CD*A. 
Therefore,  during  the  run,  CD*A  dissolved  in  one  part  of  the 
rotator  and  nucleated  and  grew  in  another  part.  A  run  was  made 
utilizing  this  large  plate  as  a  seed  (Run  42).  The  growth  on 
this  seed  was  highly  irregular  with  a  large  number  of  grain 
boundaries  evident.  Another  run  which  revealed  the  instability 
of  the  aqueous  solution  growth  of  CD*A  was  Run  50.  In  this  run 
caps  were  employed.  As  the  run  progressed  the  seeds  began  to 
grow  quite  well.  When  the  temperature  reached  38°C  (2°C  below 
saturation  temperature),  the  new  growth  began  to  dissolve. 
Approximately  a  degree  later,  they  began  to  grow  again.  This 
type  of  behavior  further  strengthened  our  belief  that  aqueous 
solution  growth  of  CD*A  was  too  erratic  to  be  controllable. 

5 . 3  Mixed  Solvent  Growth  Data 

Because  of  the  growth  difficulties  encountered  in 
aqueous  solutions,  another  solvent  system  wao  investigated. 

The  solvent  system  which  showed  the  most  promise  wa s  a  binary 
mixture  of  D20  and  deuterated  glycol. 

Eefore  a  growth  run  was  attempted  in  this  solvent 
system,  a  number  of  static  runs  were  done  to  roughly  evaluate 
the  best  growth  conditions  of  CsD2AsO^  in  this  binary  solvent 
system. 

A  static  run  consisted  of  a  seed  of  CD*A  suspended 
in  a  certain  mole  ratio  of  solvent  saturated  at  a  particular 
temperature.  No  mechanical  rotation  or  stirring  was  employed. 
Growth  was  accomplished  by  diffusion  dependent  upon  whatever 
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thermal  convection  currents  existed  during  the  run. 
these  static  r  ms ,  the  saturation  temperature  was  43  +  0.5°C. 

The  solvent  system  was  evaluated  at  30,  50,  70%  deuterated 
glycol.  Under  these  limited  conditions,  the  30?,  deuterated 
glycol  -  70%  U^O  solvent  mixture  yielded  the  best  growth.  The 

4m 

solution  was  4.70  +  0.01. 

Further  static  runs  were  then  done  using  this  particular 
solvent  ratio.  In  each  static  run  the  saturation  temperature 
was  42  +  0 . 5°C  and  the  P([  of  the  solution  was  varied  from  4.0 
to  6.0  +  0.01  units.  Under  these  conditions,  the  best  grow’th 
was  o^cained  at  P{J  5.51  +  0.01.  At  this  point  a  typical  growth 
run  was  made. 

The  seeds  employed  for  this  run  were  caps  at  one  end 

and  plates  at  the  other.  The  rotation  rate  (reversible)  was 

10  rpm  and  the  saturation  temperature  43.6  +  0.1°C.  p  of  the 

solution  was  adjusted  to  5.61  +  0.01.  Figure  13  is  a  photograph 

of  the  resultant  growth  (in  situ) . 

It  can  be  seen  that  no  flawing  is  evident  from  the 

cap  end  of  the  seed  even  though  the  Pfl  is  quite  low  (compare 

to  Figures  8  and  9).  Some  flawing  is  evident  from  the  plate  end 

of  the  seed.  However,  the  amount  of  flawing  is  minimal  when 

compared  to  that  experienced  in  the  aqueous  growth  runs.  Also 

multiple  growth  and  irregular  changes  in  (Ss/3T)  ,  _  have  been 

n  i ,  P 

eliminated  in  this  growth  run.  The  one  growth  problem  yet  to 
be  eliminated  is  the  degree  of  tapering.  A  run  is  now  in  progress 
in  an  attempt  to  reduce  the  tapering  during  growth. 
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Figure  13  -  Photograph  in  situ  of  CD*A  growth 
in  30%  deuterated  glycol  solution  (Run  51) . 
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In  static  runs  it  appears  that  the  tapering  can  be 
controlled  by  the  adjustment  of  the  Pjj  of  the  solution.  Much 
more  data  need  be  taken  to  verify  this  conclusion.  However, 
these  preliminary  data  shov;  this  system  to  be  very  promising 
for  the  reproducible  growth  of  high  optical  quality  CD*A. 


5.4  The  Actual  Deuteration  Level  in  Cs  (D,  H  ) _AsO  Crystals 

1-x  x  2  4 

In  this  particular  crystal,  and  its  homologs,  the 
degree  of  deuteration  can  be  calculated  from  the  change  in  the 

TQ-29 

ferroelectric  transition  temperature .  However,  little 

effort  lias  been  devoted  to  the  determination  of  the  actual 

deuteration  level  in  these  crystals  in  the  past.  The  common 

practice  has  been  to  quote  the  concentration  of  D  in  the  crystal 

on  the  basis  of  the  relative  amounts  of  D20  and  H20  in  the  growth 

solutions.  It  has  been  shown  that  the  ferroelectric  transition 

temperature  has  a  linear  dependence  with  respect  to  the  deuteration 

level  m  this  type  of  crystal.  Since  there  is  an  effective 

distribution  coefficient  of  deuterium  ions  between  the  growth 

solution  and  the  crystal,  the  deuterium  level  in  the  crystal  must 

be  measured.  A  reproducible  technique  has  been  developed  at 

3  0 

Isomet  for  this  critical  measurement. 

The  ferroelectric  transition  temperature,  T  ,  of 
CsI^AsO^  has  been  reported  by  a  number  of  authors.^®'  31-34 
Some  of  these  authors  also  report  values  of  Tc  for  CsD^sO^.^'  ^  ^ 
Table  12  is  a  compilation  of  these  data.  It  should  be  noted  that 
various  methods  were  employed  for  these  reported  determinations. 
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Reported  Values  of  T_  For  CsH^AsO.  And  CsD.AsO. 


Material  (k)  Reference 


CsH-AsO , 
z.  4 

140.3° 

28 

143.3° 

31 

145.0° 

3  2 

143.3° 

3  3 

145.4° 

34 

CsD0AsO 

Z  4 

212.0° 

31 

212.4° 

33 

190.2° 

34 
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Also,  the  crystal  quality  would  have  an  effect  upon  the  absolute 
value  of  Tc .  One  would  expect  a  spread  of  +  3K  among  reported 
values . 

What  is  of  main  interest  here  is  the  large  range  of 
values  of  Tc  reported  for  CsD2As04.  One  would  immediately 
suspect  that  the  deuteration  level  in  Strukov ' s  et.  al .  material 
was  quite  low  compared  to  the  other  material.  To  verify  this, 
the  deuteration  level  of  a  crystal  sample  from  Run  49  was  determined 
by  a  spectrometric  technique.3^  The  deuteration  level  in  the 
crystal  was  found  to  be  85.62  +_  0 .  Q5  mole  %  D.  The?  deuteration 
level  of  the  growth  solution  was  92.99  +  0.05  mole  l  D.  Next, 
differential  thermal  analyses  were  obtained  on  three  separate 
crystalline  samples  from  Run  49.  Tc  was  found  to  be  227°  +  1°K. 

This  value  for  Tc  corresponds  to  a  higher  deuteration  level  than 
previously  reported . 3 ^ 

It  is  obvious  from  these  data  that  the  crystal 

^S^1.0*'0  0^2^S^4  ^aS  9rown.  The  highest  deuteration 

level  measured  on  Cs  ^AsO^  was  found  ir.  this  study  to  be 

85.62  +_  .05  mole  percent. 

From  these  data,  a  number  of  questions  arise  concerning 
the  use  of  CD*A  as  a  second  harmonic  generator  at  1.06  pm.  First, 
does  the  deuteration  level  of  a  crystal  affect  its  intrinsic 
absorption  at  1.06  pm?  Secondly,  what  effect  does  the  deuteration 
level  have  on  the  conversion  efficiency  of  CD*A?  These  questions 
can  only  be  answered  by  measuring  the  SIIG  efficiency  of  various 
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CU*A  crystals  of  known  deuterat.ion  levels.  It  is  furthei  hoped 
through  this  investigation  that  some  definitive  parameters  could 
be  found  that  govern  S1IG  applications  in  this  spectral  region. 

5 . 5  Optical  Transmission 

The  optical  transmission  of  a  typical  CD*A  crystal 
grown  from  pure  D^O  is  illustrated  in  Figure  14.  A  deuteration 
level  of  85. 6%  was  measured  for  this  sample.  The  sample  had  a 
path  length  of  10  mm  along  the  Z  axis  and  was  polished  flat  to 
A/5  and  parallel  to  15  seconds.  The  transmission  data  was 
recorded  on  a  Cary  14  Spectrometer.  Absorption  at  1.06  u  was 
estimated  to  be  less  than  1%.  Refractive  index  data  were  not 
available  and  these  measurements  are  now  in  progress. 

5. 6  Thermal  Stability  of  CD*A 

A  large  number  of  CD*A  samples  from  various  growth 
runs  were  examined  by  Differential  Thermal  Analysis  (D.T.A.) 
to  ascertain  the  ferroelectric  transition  temperature  and  thermal 
stability  of  this  compound.  The  method  and  apparatus  have  been 
previously  described. ^ 

The  relationship  between  deuteration  level  in  the 
crystal  and  the  ferroelectric  transition  temperature  (Tc)  cojuld 
not  be  completely  defined.  This  was  due  to  the  lack  of  sufficient 
crystalline  material  required  for  the  preparation  of  samples 
used  in  the  %D  determination.  In  KD*P,  typically  250  to  300g 
of  crystalline  sample  are  decomposed. 30  The  actual  deuteration 
level  was  determined  only  for  Run  49  (Section  5.4).  Table  13 
lists  the  ferroelectric  transition  data  obtained.  While  the 
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Figure  14  -  Optical  transmission  of  polished  CP* A  crystal 
from  Run  49  (corrected  for  Fresnel  losses). 


TABLE  13 
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Comparison  of  T  Data  of  CsD^AsO, 
c  z  4 


Sample 

Tc  (K) 

190° 

212.0° 

212.4° 

3/49M 

227.4° 

9/48*H 

225.7° 

9/l3H 

207.7° 

9/2 1H 

209.6° 

*  85.61D  in  crystal. 

11  All  crystals  grown  from  pure  D2O. 


Reference 

34 

31 

32 

present  work 
present  work 
present  work 
present  work 
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referenced  data  make  various  estimations  of  the  deuteration 
level  in  the  crystals  measured,  it  is  apparent  that  the  only 
valid  data  point  is  9/48  where  both  the  deuteration  level  and 
the  Tc  were  measured. 

Values  for  the  heat  of  transition  for  T  were  found 

c 

to  be  sensitive  to  the  crystals'  deuteration  level  and  were 

estimated  to  be  1.5  Kcal/mole  for  the  highest  deuteration  level 
measured . 

The  examination  of  the  high  temperature  stability 
and  decomposition  temperature  of  CD*A  resulted  in  the  discovery 
of  a  phase  transition  previously  unreported.  The  transition 
could  not  be  investigated  during  the  time  remaining  under  the 
present  contract.  Decomposition  of  CD*A  was  not  observed  up 
to  225°C . 

Anomalous  behavior  of  was  also  observed  when 
samples  were  subjected  to  mechanical  grinding.  It  appears  that 
when  a  sample  is  finely  ground  the  ferroelectric  transition 
disappears  and  is  not  detectable  with  our  instrument.  The 
cause  of  this  behavior  may  shed  some  light  info  the  ferroelectric 
mechanisms  involved  in  the  tetragonal  arsenates.  This  behavior 
was  not  observed  in  similarly  treated  KD*P. 
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From  the  systematic  investigation  carried  out  under 
this  contract,  the  following  accomplishments  were  made: 

i)  The  successful  growth  of  CD*A  in  both  the  aqueous 
and  mixed  solvent  systems.  r 

ii)  The  growth  of  large  cross  section  CD*A  in  aqueous 
solution  at  high  basic  Pjj. 

iii)  The  determination  of  the  phase  stability  of  CD*A 
as  a  function  of  temperature,  and  solvent, 

iv )  The  solubility  of  CD*A  as  a  function  of  temperature 
and  Pj{. 

v)  The  calculation  of  the  degree  of  supersaturation  of 
CD* A  as  a  function  of  temperature  and  solvent, 

vi)  The  determination  of  the  growth  problems  of  CD*A  in 
aqueous  solutions  and  their  relationship  to  the 
non-reproducible  growth. 

vii)  The  elimination  of  most  of  the  growth  problems 
encountered  in  aqueous  solutions  by  employing  a 
mixed  solvent. 

viii)  The  determination  of  the  optical  transmission  of 

% 

CD*A  single  crystals  grown  from  aqueous  solutions, 

ix)  The  measurement  of  the  actual  deuteration  level  in 
single  crystal  CD*A  grown  from  an  aqueous  solution. 

x)  The  determination  of  ferroelectric  and  non- 

f erroelectric  transitions  in  single  crystal  CD*A  as 
a  function  of  temperature. 
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xi)  The  determination  of  the  lattice  constants  of  a 
typical  CD* A  crystal  by  a  precise  X-ray  powder 
diffraction  technique. 
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Based  upon  the  wide  spectrum  of  data  collected  and 
tabulated  on  the  growth  and  solution  chemistry  of  cesium 
dideuterium  arsenate,  the  following  areas  of  development  and/or 
research  are  strongly  suggested: 

r 

i)  The  growth  and  characterization  of  cesium  dideuterium 
arsenate  produced  under  various  growth  conditions 
utilizing  the  mixed  solvent  system, 

ii)  A  complete  comparison  between  the  CD*A  single 
crystals  grown  from  both  the  aqueous  and  mixed 
solvent  systems. 

iii )  Determination  of  the  factors  affecting  the  intrinsic 
absorption  of  CD*A  at  1.06  ym  and  their  relationships 
to  the  doubling  efficiency  and  input  power. 

Although  the  initial  growth  runs  in  the  mixed  solvent 
system  are  very  encouraging,  more  data  need  be  taken  at  various 
mole  ratios  of  D2O/D  glycol  to  find  the  optimum  growth  conditions. 
These  data  would,  of  necessity,  have  to  include  the  phase 
stability,  saturation  and  super  saturation  concentrations  of 
CD*A  in  various  mole  ratios  of  solvents  as  a  function  of  PH  and  T. 

Once  the  best  growth  conditions  are  found,  a  comparison 
ought  to  be  made  between  the  CD*A  grown  from  both  solvents.  This 
comparison  should  include  the  level  of  deuteration  in  the  crystals, 
the  purity  and  the  doubling  efficiencies.  Coupled  with  this,  a 
study  should  be  made  on  what  effect  the  deuteration  level  in  the 
crystal  has  on  the  doubling  efficiency.  This  would  be  related 
through  the  intrinsic  absorption. 


59 


I 


c  liar  acterizat  ion 


>■««  ^  ii  - . 

X  S3  OPvJt  112  'll  r 

1  ’  "  »<Tffn«gv« 

Certainly,  this  type  of  materials 
would  be  well  worth  the  investment  from  both  the  theoretical 
and  practical  points  of  view. 
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